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Abstract 
    Deglet-nour variety is a specific date to the region of Maghreb countries and is a climacteric fruit with maturation spread out 
on the same palm. Dates fruits being harvested once a year; this situation makes the fruit post-harvest treatment necessary so as 
to minimize losses and avoid the eventual conservation and storage accidents particularly through rainy year or excessively hot 
climate. This paper presents an experimental investigation of Deglet-Nour treatment by hydration and solar drying process in 
order to recover and valorise this category. The first aim of this work is to study the effect of different temperature (20°C, 25°C 
30°C, 35°C, 40°C, 45°C, 50°C and 55°C) of soaking in distilled water on the inversion reaction of sucrose and the second aim is 
to analyse the drying of hydrated Deglet-Nour dates by three different solar processes. Three drying kinetics have been 
established respectively in a direct natural convective solar drier, under indirect convective solar drier and in indirect natural solar 
drier. The experimental results show that the best case was obtained by soaking in water at T = 25°C to obtain hydrated dates 
with 0.5 kg water / kg dry matter. Drying time to reach commercial water content (0.35 kg water/kg dry matter) by the use of the 
three prototypes were respectively 22h, 11.5h and 2.5h. These tests also showed that the drying with indirect natural convective 
dryer provides a good product quality with acceptable duration, and it is satisfactory and competitive to a forced convective solar 
drying process. A good microbiological quality was observed on the final product obtained by each of the  three different solar 
driers. 
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1. Introduction         
       Solar energy is an important alternative source of energy. It is relatively preferred to other sources because it is 
free, abundant, and inexhaustible and non-pollutant in nature compared with higher prices and shortage of fossil 
fuels. Solar energy is very abundant in Algeria, particularly in the southern of this country. So, it would be judicious 
to use it in drying applications (energy safety and environment protection) [1]. Drying is one of an important post 
handling process of agricultural production. It can extend shelf life of harvested products, improves the quality and 
reduces post harvest losses.  Solar crop drying has been demonstrated to be cost effective and could be an effective 
alternative to traditional and mechanical drying systems, especially in locations with good sunshine during the 
harvest season [2]. Solar dryers can be proved to be a very useful device from the energy conservation point of view. 
It not only saves energy but also saves a lot of time, occupies less area and makes the process more efficient. Solar 
dryers circumvent some of the major disadvantages of classical drying [3]. Two types of driers, one direct and the 
other indirect drier which is presented in this  work  were conceived, carried out and tested at the LENREZA  
laboratory energy conversion research group at Kasdi Merbah University in southern of Algeria in order to dry agro-
alimentary products such as  tomato  and dates [4]. Date palm fruit (Phoenix dactylifera L.) is an important 
agricultural product of Algeria and other Maghreb countries. Dates are rich in certain nutrients and provide a good 
source of rapidly available energy due to their high carbohydrate content (70-80%). Most of the carbohydrates in 
dates are in the form of fructose, glucose and sucrose. The good nutritional value of dates is also based on their 
dietary ¿ber content [5]. Algeria is considered as one of the world’s major producer of dates. Dates production in 
Algeria greatly increased over the past it produces more than 400 different varieties of dates specially Deglet-Nour 
variety with an annual production of over 724,890 tons [6]. Deglet-Nour dates have a very sweet taste, juicy and 
almost transparent. It is most appreciate by consumers in both national and international markets. This variety is a 
climate fruit of echeloned maturation in the same regime such that, we have ripe dates and other immature dried 
ones in palm which gives the category Frezza. However, an important part in order of 40% of the total production by 
palm is lower quality constituted of dry dates and offal’s dates. Dates fruits quality is influenced by several factors, 
which could be linked to the climate, the soil and the applied cultural technique. This variety requires a post harvest 
treatment to minimize losses and avoid accidents of preservation and storage according to the climatology of the 
year [7]. The traditional open-sun drying method of humid dates is controlled by a number of external factors (solar 
radiation, ambient temperature, wind velocity, and relative humidity) and internal factors (initial moisture content 
and the mass of product per unit exposed area). This method does not allow for obtaining a suitably high and 
reproducible product quality, mainly because of the inherent limitation in controlling the drying process [8]. In the 
literature, there are several studies dealing with the dates treatments and valorisations methods. Some of these 
studies focus on the development of the date’s quality in palm [9-10]. In addition, some works carry out the 
treatment of Deglet-Nour dates. Zaid et al [9] have proposed alternatives to methyl bromide for Deglet Nour dates of 
high humidity at the time of harvest in the palm of Algeria and Tunisia. N. Kadri et al [10] studied the effect of three 
methods of thinning on the physical and chemical qualities of "Deglet Nour" dates variety in the oasis Nefzaoua; the 
results show that the different methods used for thinning have improved the weight and dimensions of the date palm 
fruit (length and diameter), compared to a reference samples. The few studies available on the post-harvest treatment 
improvement of Deglet-Nour dates [11-16] show that the criteria of texture, colour, flavour and moisture are 
adopted by most authors as the evaluation parameters of the total quality of dates  during natural ripening or through 
an industrial process such as artificial maturation, rehydration, drying or cold storage. It should be noted that the 
state of maturation of the date represents the reference data for a better knowledge of good quality criteria. This 
knowledge is the basic data to be considered during post-harvest treatments of dates.  
Belarbi et al[11] studied the stabilization of dates Deglet Nour  by drying under different temperature (50°C to 
80°C) and relative humidity’s between (30% to 60%); the study shows that the augmentation in temperature and 
drying duration give a darkening  colour at T=80°C and the air velocity has a low effect on the kinetics of Deglet  
Nour  dates. Hamdi et al. [12] studied the maturation and the drying of Tunisian deglet nour dates by indirect solar 
drier which operates in temperature of 32°C, 47°C, and 74°C with air velocity of 0.33m/s. This research is based on 
the evolution of total sugars in function of the moisture content; the obtained results indicate that the maturation is 
favoured by drying at temperature around of 45°C close to the optimum activity of the invertase enzyme.            
Our present work presents the results of an experimental study of treatment of hydrated Deglet Nour dates by 
different system of solar drying, in order to obtain good quality of treated dates. The main objectives of the current 
work are  to study the impact of the temperature on the reaction of sugars  inversion  during the  hydration  process 
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Of dried deglet nour and to provide the impact of the operating parameters of solar drying  with the use of different 
system of solar driers on the  quality of treated  Deglet-Nour dates, destined for marketing, by microbiological tests.   
 
Nomenclature 
M              product weight      
Tair            air temperature (°C)        
T p    product temperature (°C)     
V     air velocity (m/s)  
Xf              final water content (kg water/kg dry matter)   
ܫ               Radiation intensity (W/m2)                                                             
 
2. Materials and methods  
2 .1 Pre-treatment of dry fruits   
 
   Samples of dates used in the experimental study (approximately forty kilograms) belong to the Deglet Nour; 
category (Frezza) are sourced from Ghardaia region.  The preparation of these samples before experiments in drying 
consists of 3steps                                                                                                                                                                          
a) Selection: eliminate all crushed  or attacked dates to select a homogeneous product in good state                                        
b) Hydration: the product is immersed in distilled water at a constant temperature.                                                                   
c) Storage: The product is stored in a dry and cold place to prevent any eventual rehydration.                                                  
 
    2.1.1. Set of initial water content and rehydration procedure                                                                                                 
   
Ten of dates were selected at random from the sample were pitted, crushed until give a homogeneous paste witch 
were stored in a box and kept in the cold at +4°C. Initial moisture content was determined by a moisture analyzer 
type SARTORIUS MA [18,19]. Rehydration procedure was performed by soaking a quantity of dates in distilled 
water and adjusted at temperature of the experiment. To follow the increase in mass of hydrated product during the 
experiment, we performed measurements of weight every 1 hour using a precision balance of 0.01g. The hydration 
duration is the time required for the product to uptake the water until it reaches the desired water content at a 
suitable temperature. To study the influence of temperature on the internal diffusion of water and the change in 
colour of hydrated dates (sugar inversion). During hydration, the applied method is to vary the hydration 
temperature (20°C, 25°C, 30°C, 35°C, 40°C, 45°C and 50°C) during each experiment.     
 
    2.2. Solar drying treatment by different systems                                                                                                                      
 
    2.2.1. Description of the drying system:                                                                                                                                   
 
The different solar driers used in this study (Fig. 1 a, b, c) are laboratory scale prototypes, suitable for the agro-
alimentary products, designed and assembled by the energy conversion research unit at LENREZA laboratory, 
University of Ouargla, Algeria). 
x The natural convection indirect solar drier (fig. 1a); It is composed of an air plane solar collector 
(2.0×1.0×0.13m) with an inclined angle of 16° regarding the horizontal and directed to south. The drying 
room is made up of coated sheet of (1.0×0.8×0.8m) in dimensions thermally insulated with polystyrene on 
all the external walls and provided with a chimney in galvanized sheets (1.0×0.02×0.02m).  
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x The direct forced convective dryer (fig. 1b) consists mainly of a drying room and a chimney. The drying 
room is composed of six glass covers of 4 mm thickness, two of which were tilted at an angle of 31° 
(Latitude of Ouargla city), two were positioned at the front and the rear sides of the dryer, and the other two 
were placed on lateral sides. The four glass covers were placed on four galvanized metal sheets insulated 
with polystyrene. The metal sheet placed in the front side of the dryer, corresponds to the door of the drying 
room. Two lines of holes, 1 cm in diameter and an inter-axial distance of 5 cm, were pricked on the bottom 
region. The drying room base is composed of two metal galvanized sheets separated with a polystyrene 
layer. One of the metal galvanized sheets was painted in mat black in order to increase the absorbance 
phenomenon. The product to be dried (dates) was calibrated on a tray made of a galvanized metal grid. The 
dryer chimney was a galvanized metal cylinder 1 m long and 0.1 m in diameter. 
x The indirect forced convective drier system (fig 1c )  is composed of solar collector with simple 
circulation and ordinary glass with area of 2.5m2 inclined by 31°C (Ouargla city altitude, Algeria) The 
absorbing galvanized sheet iron is painted in black. The thermal isolation which is of 50 mm thick is made 
of polyester. The drying room is parallelepiped form of 1.6 m high, 0.7 m long and 0.6 m large. The 
exterior walls are made of galvanized iron sheet with an interior insulation made of polyester inside the 
drying room. Electric resistances are placed and powered to 1500W and driven by a thermostat. Air 
circulation and air exit are aspired by a fan (trade mark KFA-30 A; at a speed of 1400 rotation /mn). A 
rectangular galvanized grid is used as a support for the product. 
(c) 
Fig 1.  Different systems of solar driers 
(a)  Indirect natural convective solar drier; (b) Direct forced convective solar drier; (c) Indirect forced convective solar drier 
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2.2.2. Experimental procedure and measures 
 
Several measures were ensured for each drying experiment. Global radiation was captured by digital solarmeter. 
Temperature in different positions was measured using appropriate thermocouples 
- Inner humidity measurement with solar drying and outside measurement with hygrometer fixed to apparatus of 
type testo 645 
- Weighing the dried product with a precise scale of 0.01g at equal   intervals 
Check in for drying is done each 30 minutes using precise scale. The timing for drying the product should be 
respected equal or inferior to   (75°C) to obtain a desired result. The water content is about 0.35kg of water /kg dry 
matter [which represents the standard moisture storage and commercialization of dates Deglet Nour [17-19]. The 
measurement of temperatures, solar radiation and air speed is done each 30 mn. Average production of dried product 
is done daily from 9:00 A.M. The operation is stopped when the desired final water content is reached. At the end of 
each day the product is packaged in plastic film and stored in a dry cold of 4°C to prevent eventual rehydration. The   
operation is stopped when the desired moisture content is reached                                                                                             
 
3. Results and discussions      
                                                                                                                                                                                                      
3.1. Development of the initial water content of dates 
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                                                      Fig. 2. Determination of the initial water content at the initial state 
 
The determination of   the moisture content influences the precision of the various analytical results which are based 
on dry matter. The result shows that the water content of dates at the initial state is 10.29%, this content is 
considered to define the boundary between Frezza and Achef (destines generally a livestock feed) This result remain 
in the standards, if we refer to standard dried dates whose water content varies between 10% to 18% [16].                             
 
3.2. Effect of temperature on the moisture content                                                                                                                       
 
The diffusion of water in the dry dates is studied by soaking in different operating conditions by the realization of 
the seven  tests for seven temperatures  (20°C, 25°C, 30°C, 35°C, 40°C, 45°C, 50°C) .The study of hydration is 
based on the behaviour of the product with the temperature variation  to provide:                                                                     
-The degree of rehydration of dried dates                                                                                                                                     
-The colour of humid dates                                                                                                                                                           
The values of the two parameters; the mass of humid dates and the water content of hydration are traced as function 
of time for each temperature at the end of each experiment. They enable to characterize the power of rehydration of 
the date fruits  
Time (mn)
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Fig.3.   Effect of temperature on the moisture content 
 
       (a) Variation of the water content;  (b) Variation of hydrated mass 
 
Figure 3 (a) shows the influence of temperature on the water content of hydrated dates as a function of time. After 
immersion in water, dried dates acquire a new moisture Xhydration  = 0.5kg water / kg dry matter [17-18]. In the case 
of soaking at high temperature of 40°C, 45°C, 50°C the value of water content is reached after (9H, 8H, 7H), while 
soaking is more rapid than dates hydrated at low temperatures. So we can note that the high temperatures facilitate 
the internal diffusion of water but these temperatures may raise the risk of texture creasing and appearance of 
browning. Figure 3 (b) shows the variation of the humid dates mass as function of time. From this figure we see that 
the temperature influences considerably the swelling of the date as function of the immersion time. The dates   
swelling is due to the high absorption intensity of the water by the pulp. The temperature plays an essential role in 
internal water diffusion, the soaking time decreases considerably when the temperature increases, for each test. To 
reach the water content of 0.5kg water / kg dry matter, the mass of humid dates is 136.6g, it is reached after (14H, 
12H, 11H, 10.5H, 9H, 8H, 7H) of soaking at the temperatures respectively (20° C, 25°C, 30°C, 35°C , 40°C, 45°C, 
50°C) in this case the date becomes of soft consistency. 
 
3.3. Effect of temperature on the visual colour of dates 
 
Table. 1. The colour change of dates hydrated at different temperatures 
 
 
Temperature (°C) 
 
25°C 
 
30°C 
 
35°C 
 
40°C 
 
45°C 
 
50°C 
 
Hydrated Dates 
at  50 % of water 
    
 
 
soaking time 
(H) 
 
12 
 
11 
 
10.5 
 
9 
 
8 
 
7 
 
Concerning the visual aspect, table 1 shows a photography of dates treated at different temperatures. It is clear to 
distinguish visually the efficiency of applied treatment to the softening of the date. Concerning the texture, 
consistency and essentially the colour from the photographs of hydrated  Deglet Nour dates, we note that: hydration 
of dates at different temperatures results in a colour change; this change is due to the inversion of sucrose in 
reducing sugars (glucose and fructose). This inversion is occurring with different hydration temperatures (20°C, 
25°C, 30°C, 35°C, 40°C, 45°C and 50°C), with different degrees; The variation of the colour depends on the 
Ti e (H) Time (H) 
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Temperature until  achieve the water content of 0.50kg of water / kg dry matter. This inversion is quicker when the 
temperature is believed from 40°C, 45°C, 50°C, Contrary to the low temperatures of 20°C, 25°C, 30°C, 35°C (the 
reaction of sugar inversion is slow). The temperature plays a critical role in the reaction of sucrose inversion in 
reducing sugars by increasing the rate of the chemical reaction of hydrolysis of sucrose to invert sugars. This 
reaction mainly depends on the enzyme activity (invertase) in our case; hydration at 25°C is sufficient for the 
enzymatic hydrolysis to occur and therefore the date becomes in acceptable colour 
 
3.4. Choice of temperature 
 
According to the colour change of hydrated dates we can note that: 
    1-The temperature has a direct effect on the accumulation and   inversion of sugars of hydrated dates  
    2-The colour of hydrated dates in hot water (40°C, 45°C, 50°C) is a little dark as compared to the colour of 
hydrated dates  in cold water (20°C, 25°C, 30°C, 35°C). This change is explained by the problem of browning, and 
the risk of development of micro-organisms (yeasts and molds). 
    3-The best results of hydration of dried date (Deglet Nour)   are obtained by the soaking at distilled water from 20 
to 35°C with a duration of 11 to 14 h. 
   4-To avoid any risk of deterioration of Deglet Nour dates by browning or microbial growth we apply a 
temperature of 25°C for all hydration tests. 
 
4.4. Solar drying of hydrated dates in different solar drier  
 
4.4.1Water content variation of hydrated dates according to the drying period under various operating conditions 
 
 
Fig .4. Variation of water content as function of time 
 
(a) direct natural convective solar drier ; ( b)Indirect natural convective solar drier ;  ( c)  Indirect forced  convective solar drier 
 
  The drying kinetics of hydrated dates with drying time is shown in fig 4, we note that the drying of hydrated dates  
in the indirect forced convection solar drier is the fastest. The dates get dried to the commercial norm of moisture 
content, 35% (dry basis) [17-18], with 22 h (about 3 days). For the two other processes, the required drying time is 
too small and the commercial norms are reached in the experiments, to compare these three process we used a 
commercial moisture reference X=35% (dry basis) corresponding to a water loss of about 15%, the dates deglet nour 
in the indirect natural convection solar drier get dried to the commercial moisture content reference with  
11.5 h about 2 days. The dates in the direct natural solar drier get dried with 2.5 h. The figure 4 shows also that 
during a first phase the drying process is rapid enough, especially in the direct natural convection solar drier and 
under indirect natural convection solar drier, as the drying progresses the dates absorb humidity during night 
provoking   fluctuations of the water content between the day and the night. In the solar drier, these oscillations 
dump with drying time the interruption of drying during night increases the drying time 
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4.4.2. Impact of the use of various solar drier on the drying air temperature  
 
 
 
                                      Fig. 5 .Variation in temperature in accordance with timing at the level of the drying room    
 
The fig. 5 shows the variation curves of the drying chamber air temperature with time for indirect forced convection 
solar drier, indirect natural convection solar drier and in direct natural convection solar drier we note a sinusoidal 
variation of the air temperature with time. The air temperature in indirect forced convection solar drier and in the 
indirect natural convection solar drier varied from 25°C to 57°C. The diurnal variation amplitude under direct 
natural convection solar drier is more significant. The maximum air temperature reached during the drying days 
under direct forced convection solar drier is about 69° C. 
 
4.4.3. Evolution of the product temperature with drying time 
  
 
Fig. 6 .Product Temperature evolution in the drying room for three solar drier as function of time  
 
The product temperature evolution, according to time for the different experiments is represented by the figure 6, the 
previous results show that the initial product temperature were identical during the storage period, the product 
temperature fit with the inside air temperature, the maximal product temperature reached at direct solar drier, 
Tp=74°C. The temperature in indirect solar drier varied between 23°C and 46°C, to obtain a final water content 
Xf=0.35kg w/kg dm is shorter when the air and product temperature increase consequently the drying kinetics 
increases. This is on the one hand due to the heat flux increase brought by the air to the product and on the other 
hand to the acceleration of the internal migration of water [18-19]. The choice of a suitable drying temperature in 
case of industrial process remains linked to the quality parameters of the final product. We should pay attention to 
the browning phenomenon of the product. We note that the deterioration temperature of the dates was reached in 
direct solar drier  
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4.4.4. Microbiological quality of solar dried dates  
 
   These analyzes were carried out to count fungi (yeasts and molds) may be present in the final product [20]. The 
Microbiological tests used to assess the alteration degree of the dried Deglet Nour date at different operating 
conditions. The enumeration of yeasts and molds was carried out after sample preparation from of 10 g of pitted and 
crushed dates with, 90 g of dilution medium (tryptone salt TSE) within the Stomacher bags. 1 ml was taken and 
introduced into a kneaded box. The gélose was couled with the yeast extract and dextrose melt chloramphen 
previously cooled to 45°C,   then we agitated the boxes slowly with circular movements. Boxes incubated   (bottom 
to top) in an oven at 25 ° C for 5 days. The results given in table 2are expressed a colony forming unit, after 5 days 
of the experiment  
 
Table.2. Microbiological characteristics of   hydrated and treated dates deglet nour under different operating conditions of air temperature       
(Abs = absent; Conf = conform) 
 
State of dates  Operating conditions Yeast Moisissures  Results  
 
Hydrated                          
 
Dried in direct natural convection solar drier  
 
 
Dried in indirect natural convection solar drier  
 
 
Dried in indirect forced  convection solar drier  
 
 
    T=25°C 
 
Tmin = 48.2°C     Tmax=68°C 
 
 
Tmin=36°C       Tmax=54.2°C 
 
 
Tmin=  34.7     Tmax=46.2°C 
 
Abs 
 
Abs 
 
 
Abs 
 
 
Abs 
 
 
Abs 
 
Abs 
 
 
Abs 
 
 
Abs 
 
 
Conf 
 
Conf 
 
 
Conf 
 
 
Conf 
 
 
The results show that dried dates have no microbial growth (yeasts and molds) in all experiments of solar drying, so 
we can confirm that the variety of date study has good microbiological quality. 
 
4. Conclusion  
 
     A study to improve the quality of Algerian dates of Deglet Nour variety was made by use of solar drying mean. 
Solar drying improves the traditional protecting products and keeping their properties. This technique is a method 
that can be used for domestic and industrial needs, especially in sunny regions                      
     Treated Deglet Nour dates were obtained under different operating conditions. In terms of quality, the best results 
correspond to the better appreciated dates by consumers. This is an unaltered fruit in good organoleptic quality of a 
specific colour light brown quasi transparent, with a fibrous texture and semi-soft consistency and containing no 
microbial growth. The UNE CE DF-08 norm defined 0.35 kg water / kg dry matter as standard moisture storage and 
marketing of this variety of dates. From the experiments carried out during this work, we noticed that the dried dates  
in indirect natural convection solar drier without energy supply seems to have the most interesting organoleptic 
characteristics,  a sweet taste due to the presence of fructose that gives the date relatively sweet flavour. It was also 
verified in these treatment conditions the presence of a strong fruity aroma of date with an acceptable brown colour 
of the final product. According to the available literature into reference to consumers used to the fruit, these results 
represent the original characters of Deglet Nour variety.    
Indirect natural convection solar drying was found to be satisfactory and competitive to forced convection solar 
drying process. In fact the drying times in the indirect natural and in the forced convection solar drier are near 
respectively three days and two days. The direct natural solar drying deteriorates the sensible product as the dates by 
direct exposition to the sun which provides caramelization of sugars in regard to solar drier. Indeed indirect natural 
convection drying presents a big drying capacity and don’t require a large initial investment or additional running 
cost. 
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